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Abstract 
Greater usage of biodiesel worldwide results in significant generation of glycerol waste from transesterification 
process of plant oil. In the work reported here, thermal conversion of biodiesel manufacturing wastes including 
extracted physic nut and palm shell mixed with glycerol waste was carried out using a tubular reactor at 700-900°C. 
Studied parameters were reaction temperature, ratio of each wastes, air factor and residence time. Mixed wastes were 
first pelletized to cylindrical shape of 2 mm diameter and 3 mm height before feeding into the reaction vessel at the 
feeding rate of 5 g/min. Air and nitrogen were used as reacting and carrier gases, respectively. Product gases 
contained mainly of CO, CO2, H2, CH4 were continuously measured by dedicated online TCD/NDIR analyzer.Results 
indicated that as reaction temperature increased, CO2 decreased while yields of CO, CH4 and H2 increased. Greater 
conversion to CO2, CO, H2 occurred with air factor increased from 0.0 to 0.3. Further increase in air factor resulted in 
lesser CO and H2 from greater competing combustion reactions. CH4 decreased when air factor changed from 0.0 to 
0.6. The maximum gas LHV’s are 3.48 MJ/m3 and 2.27 MJ/m3 for glycerol waste mixed with physic nut waste and 
palm shell waste, respectively. The maximum of mole ratio of H2 to CO obtained is 0.59 for physic nut and 0.37 for 
palm shell mixed wastes. These findings showed that products from co-gasification of mixed wastes from biodiesel 
production may be used for power generation or further upgraded to produce value added fuel product which would 
significantly improve the economics of this waste-to-energy process. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
The energy shortage has been considered to be one of the most important issues around the globe. For 
Thailand, majority of national expense was on the importation of fuel which increase in demand and cost 
along with economic expansion. In this regard, the government adopts the policy for partial replacement 
of fossil energy by renewable ones so the country would be less dependent on foreign oil and gas. One of 
the major governmental supported renewable energy is biodiesel which has been estimated that by the 
year 2012, the utilization of biodiesel will rise to 85 million liters per day. Biodiesel can be produced by 
trans-esterification of fat from plant or animal and methanol or ethanol with addition of catalysts, usually 
NaOH or KOH. Physic nut (Jatropha) is major plant oil for production of biodiesel due to its capability to 
be grown in every part of the country. Palm is another major material for producing biodiesel due to 
country’s tropical climate and location. Normally, wastes from biodiesel production are spent physic nut 
or palm which were already extracted of oil and contaminated glycerol generated from the reaction. 
Expanded production of biodiesel may lead to overproduction of glycerol waste.  
Thermochemical conversion (combustion, pyrolysis, and gasification) may be used to convert these 
wastes to useful products. During pyrolysis and gasification, raw material undergoes thermal 
decomposition process in which raw materials are converted into smaller components under oxygen 
limited condition. Primary product from gasification is syngas (CO and H2) which can be further 
converted to many products such liquid fuel, methanol, dimethylether, and other chemical feedstock. 
Major components from pyrolysis are bio-oil and char which can be processed to useful products. 
Biomass used as energy source can reduce global warming problem and other air pollutions such as SO2
and NOx [1] due to less sulfur and nitrogen contents as well as neutralization of carbon release. Moreover, 
implementation of the gasification process can produces fuel gas with only 1/3 of the volume compared to 
that of the combustion process, which can decrease the burden of the downstream air pollutant control 
devices [2-3]. Appropriate mixing ratio between biomass and glycerol wastes from biodiesel production 
may be use as raw material for pyrolysis and gasification. This method can be applied for managing waste 
from biodiesel production while promoting the use of alternative and potentially renewable energy source. 
In this study, product distribution and suitable operating window for fuel gas production via 
thermochemical conversion of these mixed wastes would be examined. 
2. Experimental 
2.1. Raw materials 
 Physic nut, palm shell and glycerol wastes were obtained from a local biodiesel manufacturer and 
combined in a mixer prior to feeding. Ratios of biomass to glycerol waste used were 100:0, 85:15 and 
70:30, respectively. The proximate analysis of biomass and glycerol wastes is listed in Table 1. The 
proximate analysis of biomass mixed with glycerol wastes were analyzed by thermogravimetric analyzer 
(TGA). The result indicated amount of moisture, volatile matter, fixed carbon and mineral matter (ash) in 
the sample. The volatile matter mainly consists of various organic compounds. Relatively, low moisture 
with high carbon content is an indicator that mixed solid wastes should be a good candidate for 
production of fuel via thermochemical conversion process.  Elemental analysis of physic nut, palm 
shell and glycerol wastes were analyzed by CHNS/O analyzer which suggested that these wastes are 
relatively environmental friendly energy sources containing trace amount of sulfur and nitrogen. Carbon 
is a major element of physic nut waste (38.99%), palm shell waste (44.90%) and glycerol waste (36.40%). 
High heating values (HHV) of physic nut, palm shell and glycerol wastes analyzed by bomb calorimeter 
were 19.50, 21.20, and 20.80, respectively which correspond to lower heating values (LHV) of 17.87, 
18.22, and 17.33, respectively.  
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Table 1 Proximate analysis of biomass mixed with glycerol wastes. 
Proximate 
analysis 
Physic nut to glycerol Palm shell to glycerol 
100:0 85:15 70:30 100:0 85:15 70:30 
Moisture
Volatile
Fixed carbon 
Ash
10.82 
70.36 
10.74 
8.07 
11.48 
73.37 
8.96 
6.19 
12.14 
76.37 
7.17 
4.31 
11.95 
62.54 
18.73 
6.78 
12.22 
65.56 
16.93 
5.30 
12.48 
68.58 
15.12 
3.82 
2.2 Experimental procedure 
Gasification of biomass material was conducted in a laboratory scale apparatus consists essentially 
of a stainless tube (21 mm ID, 25 mm OD 25, 1020 mm height) filled with 70 gram of alumina ball as bed 
medium. A continuous rotary valve feeding system, gas cleaning trains containing a cyclone solid 
collector, condensers and gas washer were installed in the system. Carrier gases of this experiment are 
nitrogen and air. Rotameters are used for controlling flow rate of mixed gas. Total carrier gas flow rate is 
15 L/min. Major gaseous products of CO, CO2, H2, and CH4 were quantified real time using dedicated 
NDIR and TCD online detectors. Other hydrocarbon gases are also detected by the analyzer but 
collectively reported as CH4. Controlling factors applied in this experiment are reaction temperature of 
700–900°C), ratio of biomass to glycerol wastes of 100:0–70:30 and air factor (AF) of 0.0–0.6. Prior to 
each run, nitrogen and air flow rates are adjusted by rotameters to desired ratio. Then, desired reaction 
temperature is achieved by using electrical furnace which is regulated via PID automatic feedback 
temperature controller. Once set point temperature is reached, the gasification is initiated by adding of 
physic nut or palm shell mixed with glycerol waste sample to the gasifier (feeding rate of 5 g/min). 
Carrier gas and mixed wastes are continually introduced into the gasifier from the bottom and the top of 
the reactor, respectively. Product gas is simultaneously sampled and analyzed real time for concentration 
(vol.%) of produced CO/CO2/H2/CH4. Char and tar are collected and analyzed by weighting. 
3. Result and discussion 
3.1. Effect of temperature 
During gasification process of mixed waste materials, product gas as well as liquid and char were 
rapidly produced from thermal conversion. About 10-15 minutes was required after feeding of raw 
materials before stable gas production may be achieved. Each typical run lasted about 60 minutes and 
repeated at least two times or more for any early terminated experiments which were mostly due to 
plugging of feeder. When reaction temperature increased from 700°C to 900°C, there was increased in 
gas product yields. On the contrary, the char and tar product yields declined. This result conforms to 
previous reports [4-10] which suggested the significant effect of increasing temperature to the amount of 
both pyrolysis and gasification products. For the case of 70:30 ratio of physic nut and glycerol wastes and 
AF of 0.6, if the temperature increased from 700°C to 900°C, the conversion to gas product would 
increase from 91.01 wt.% to 95.41 wt.%. However, the amount of char and tar products would drop from 
3.76 wt.% to 3.40 wt.% and from 5.23 wt.% to 1.19 wt.%, respectively. In the same way, for the case of 
70:30 ratio of palm shell and glycerol wastes and AF of 0.6, if the temperature increased from 700°C to 
900°C, the amount of gas product would increase from 90.27 wt.% to 94.70 wt.%. However, the amount 
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of char and tar products decreased from 4.38 wt.% to 3.64 wt.% and from 5.35 wt.% to 1.66 wt.%, 
respectively. Higher gas yield with temperature is expected due to greater reactivity of biomass 
decomposition reaction due to the increasing of temperature. In addition, the results indicated that these 
mixed wastes were relatively easy to be converted to gas product even at relatively low temperature of 
700°C which imply suitability of using thermochemical process to utilize these wastes. The amount of gas 
product from physic nut mixed with glycerol wastes was higher than the amount of gas product from 
palm shell mixed with glycerol waste. This is because physic nut has higher volatile compound when 
compared with palm shell waste. Meanwhile, varying temperature shows great influence on gas 
components. The main gas products are CO2, CO, H2 and CH4 (Figure 1). Increasing temperature leads to 
higher conversion to CO. This trend also goes along with the thermodynamics of Boudouard’s reaction, 
 Due to the endothermic property to the right hand side of this reaction, increasing of temperature will 
enhance CO production with the expense of CO2 yield as notice from the same figure. This result agrees 
well with several researches [11-12] who suggested that in well-operated gasifier the percentage of CO2
should remain at a low level. For methane content, the amount of methane in produced gas increased with 
temperature. The highest methane yield was when reaction temperature is 900°C. The formation of H2
increased with reaction temperature. This H2 result also has the similar trend as the previous work of [13]. 
Lower heating value of gas product increased from 2.06 MJ/m3 to 3.48 MJ/m3 (for physic nut mixed with 
glycerol wastes) and from 1.73 MJ/m3 to 2.27 MJ/m3 (for palm shell mixed with glycerol waste) when 
reaction temperature changed from 700°C to 900°C. 
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Fig. 1. Effect of temperature on product gas composition and heating value (biomass:glycerol 70:30, AF 0.3). 
3.2. Effect of air to fuel ratio (AF) 
The effect of AF to the conversion of carbon and hydrogen components in biomass to gases is demonstrated in 
Figure 2 for reaction at 900°C. There is increase in the conversion of carbon to CO2 and CO, both for 100:0 and 70:30 
ratio of biomass and glycerol wastes, when AF changes from 0.0 to 0.6. This is because the increase of AF will enhance 
the degree of combustion which greatly leads to oxidizing of char, tar as well as other hydrocarbons to CO2 or CO. This 
may also be noticed by reduction of CH4 which is a representative of hydrocarbons as AF increased. Much less tar 
condensation along gas transfer line was observed at higher AF runs. For the conversion of hydrogen in biomass to H2,
the data indicated that when AF increased from 0.0 to 0.6 the conversion declined for pure physic nut. On the contrary, 
slight increase in conversion to H2 was obtained at 70:30 ratio of physic nut to glycerol wastes and for both 100:0 and 
70:30 ratios of palm shell and glycerol wastes when AF increased from 0.0 to 0.3. The conversion was then decreased 
when AF was further increased from 0.3 to 0.6. This may due to several competing reactions of such a complex 
1290  Viboon Sricharoenchaikul and Duangduen Atong\ / Energy Procedia 14 (2012) 1286 – 1291 V. Sricharoenchaikul and D. Atong / Energy Procedia 00 (2011) 000–000 5
gasification process. Relatively low conversion to H2 indicated that besides being in hydrocarbon gases, large fraction of 
hydrogen may still be in tar components. 
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Fig. 2. Effect of air to fuel ratio (AF) on conversion of biomass at 900°C to: a) CO2, b) CO, c) H2 and d) CH4.
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Fig. 3. Effect of biomass to glycerol ratio on conversion at 900˚C, AF 0.3 for: a) Jatropha and b) palm shell wastes 
3.3. Effect of glycerol content on product gas  
 The characteristic of biomass is one of the crucial factors which affect the yield of thermochemical 
conversion process. Different kinds of biomass disintegrate in distinct way affecting the gas composition 
from the conversion process. This research aimed to studying the difference of gas composition when 
glycerol waste was added to biomass. It was found that at both 700°C and 900°C, when glycerol waste is 
added to biomass, the amount of CO, H2 and CH4 increase significantly. On the other hand, addition of 
glycerol waste caused slight decreased of CO2 (Figure 3). Greater increase was observed for conversion 
to H2 which may due to higher hydrogen content in glycerol. Its low boiling point could also lead to 
higher homogeneous gas phase gasification reaction where glycerol rapidly evaporates as it was fed into 
the hot reaction zone. These gas phase reactions are usually more rapid and tend to yield smaller 
components. Ratios of H2 to CO were less than 0.6 at any operating conditions tested (not shown) which 
implies that the product gas from these mixed waste would require additional reforming process in order 
to be usable as raw material for chemical or synthetic fuel productions. 
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4. Conclusion 
Main products from thermochemical conversion of mixed solid fuels (physic nut or palm shell and 
glycerol wastes) are syngas, CO2, CH4, tars, and char. Gas yields increased with reaction temperature 
from 700°C to 900°C with the expense of solid and liquid yields. The highest gas yield from this study is 
95.41 wt.% for 70:30 ratio of physic nut and glycerol wastes and 94.70 wt.% for 70:30 ratio of palm shell 
and glycerol wastes. Higher oxygen enhances the decomposition of raw material. Higher proportion of 
glycerol waste in mixed solid fuels significantly affects the amount of CO and H2 from gasification 
reaction of these solid wastes. The maximum heating value from any experiments are 3.48 MJ/m3 for 
physic nut and 2.27 MJ/m3 for palm shell (900°C, AF 0.0 and 70:30 ratio of biomass and glycerol 
wastes). The maximum mole ratio of H2 to CO of mixed fuel from physic nut and glycerol wastes is 0.59 
and mixed fuel from palm shell and glycerol wastes is 0.37. Relatively high CxHy (reported as CH4), low 
product gas heating value and H2 to CO ratio indicated the need for further product upgrading before 
using as raw material for other advanced fuel production processes such as Fisher-Tropsch, 
dimethylether, or methanol syntheses beside direct heat and power utilization. 
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